The program of NA61/SHINE allows for the investigation of the phase diagram of strongly interacting matter. The nature of the quark-hadron transition can be studied through analyzing the space-time structure of the hadron emission source via the measurement of Bose-Einstein momentum correlations. These can be described by correlation functions based on Lévy-distributed sources. This report presents the performance plots of Bose-Einstein correlation analysis in Be+Be collisions at 150A GeV/c beam momentum. The transverse mass dependence of the Lévy source parameters and their possible interpretations are discussed.
Introduction
NA61/SHINE is a fixed target experiment located in the CERN SPS North Area. It has 4 large time projection chambers (TPCs), two of which are placed inside strong vertex magnets. The TPCs are covering the full forward hemisphere and with precise tracking down to a p T of 0 GeV/c. NA61/SHINE also has a Projectile Spectator Detector (PSD), a modular calorimeter located on the beam axis, which measures the forward energy E F . This allows to determine the centrality of the collisions.
In NA61/SHINE various nuclei are collided (proton-proton, proton-nucleus and nucleus-nucleus) at multiple energies (13-150A GeV/c). The phase diagram of strongly interacting matter is being investigated in numerous experiments at many accelerators and colliders. If there is a critical point, NA61/SHINE has a good chance to observe its signatures. The QCD phase diagram can be studied by analyzing data at different baryon-chemical potential (µ B ) and temperature (T ). One important method is to analyze the data by measurements of Bose-Einstein (HBT) correlations. In this paper performance plots will be shown of such an analysis in Be+Be collisions at 150A GeV/c.
Search for CEP with Lévy type of HBT analysis
A critical point always has to be characterized by its critical exponents. One of these exponents is η which is related to spatial correlations. At the critical point fluctuations appear at all scales and the spatial correlation function becomes a power-law ∼ r −(d−2+η) (where d represents the number of dimensions). The exponent η of this power-law can be conjectured based on the universality class, which for QCD is that of the the 3D Ising model [1, 2] . With this assumption one can predict η at the CEP of QCD. From the 3D Ising model, this value is η = 0.03631 [3] , while the 3D Ising model with random external field yields the exponent η is at 0.5 ± 0.05 [4] .
These spatial momentum correlations can be investigated by measuring Bose-Einstein correlations. R. Hanbury Brown and R. Q. Twiss (HBT method) observed intensity correlations as a function of detector distance while observing Sirius with optical telescopes [5] . This method enabled them to measure the size of point like sources. Goldhaber and collaborators observed momentum correlations by adapting this principle to high energy particle physics [6] . This led to the observation that the momentum correlation function C(q) is directly related to the normalized source distribution
whereS(q) is the Fourier transform of S(r). Nowadays one uses this technique to extract the femtometer scale structure of hadron production in heavy ion collisions. The shape of this source is usually assumed to be Gaussian, however alternative approaches might be more realistic. The expanding medium increases the mean free path which may lead to anomalous diffusion and Lévy distributed sources [7, 8] . Hence it is interesting to check if the source indeed looks like a Lévy distribution. The Lévy distribution is defined as:
The Lévy distribution is analytically calculable for α = 1 and 2, and it yields a Cauchy or a Gaussian distribution, respectively. One important difference between an α < 2 Lévy and a Gauss distribution is the power-law tail ∼ r −(d−2+α) (where d is the number of spatial dimensions). Hence Lévy distributions lead to spatial correlation functions with the same power-law tails (which is why the Lévy distributions are called stable distributions).
The spatial correlation at the critical point is ∼ r −(d−2+η) . This immediately suggests that the Lévy exponent α is identical to the spatial correlation exponent η [9] . For the value conjectured for the CEP, α has to be at or below 0.5. In general, anomalous diffusion alone leads to α < 2, but in the vicinity of the CEP, very low α values around 0.5 may be expected. This can be measured by investigating Bose-Einstein correlation functions. For these, the result (based on Lévy distributions) is as follows:
One may observe that if the shape parameter α is 2, then C(q) is Gaussian, if α = 1 then C(q) is exponential. Such correlation function shapes were observed by PHENIX in Ref. [10] .
Details of the analysis
This paper reports measurements performed in Be+Be collisions at 150A GeV/c. Performance results are shown for a selection of events with centrality higher than 20%, where centrality was defined using the Projectile Spectator Detector. Due to non-uniform efficiency in this range, this event selection may be prone to trigger bias. Hence results of this analysis should be regarded as performance results. Event and track quality cuts were applied on this sample and negatively charged tracks were selected. Even though particles were not identified, the applied cuts already result in a relatively clean pion sample, since particle contamination from kaons is relatively low: kaon multiplicities in proton-proton collisions at the same energy are less than 2% of the pion multiplicity [11] . Analysis of positively charged particles and identified hadrons is the subject of a subsequent analysis. Pair distributions were measured as a function of the 1D momentum difference in the longitudinally comoving system:
This was found to be the correct 1D variable in this system, based on the analysis of multidimensional correlation functions. Pairs were grouped according to the average transverse momentum (K T ) of the pair, defining 4 K T bins ranging from 0-600 MeV/c. In each bin the measured correlation function was measured as the ratio of the distributions of real and mixed pairs, similarly to e.g. [10] . The repulsion of the members of pairs of like-sign charge particles has to be taken into account in the analysis. The standard method for this is the application of a Coulomb-correction. It is a complicated numerical procedure to calculate the Coulomb correction for a Lévy source, and to fit the correlation function with the result of such a calculation. It can be observed however, that the Coulomb-correction does not depend strongly on the value of the shape parameter α in Eq. (3). It is also important to note, that the Be+Be system is quite small, so the Coulomb effect is not as important as for example in Pb+Pb. Hence it is well justified to use the formula published by CMS [12] , which is an approximation for α = 1:
Gamow(q) = 2πη(q) e 2πη(q)−1 and η(q) = α QED · π q .
Results and conclusions
The measured correlation functions were fitted with the result of Eq. (3), taking into account also the Coulomb correction of Eq. (6). In the fit function, there are three important fit parameters: R, λ and α. They are measured in 4 K T bins, as mentioned above, and one may investigate their dependence on the transverse mass m T value corresponding to the given
The first of the fit parameters, the Lévy scale R determines the length of homogeneity. In a simple hydrodynamical model one obtains an 1/R 2 ∝ m T type of dependence, creating a decreasing trend with m T which can be caused by the transverse flow. It is an important question if this can be observed in Be+Be collisions as well, as such an effect was also found in RHIC p+p collisions [13] . The correlation strength parameter λ can be interpreted in the core-halo picture, where the core consists of pions created close to the center, i.e. primordial pions or the decay products of short lived resonances, while the halo contains the decay pions from long lived resonances. In this picture, λ can be expressed as
This parameter was found to show a low-m T decrease in Au+Au collisions at RHIC [14, 10] , but no such tendency was found in Pb+Pb reactions at the SPS [15, 16] . Hence, it is interesting to investigate this phenomenon in other collision systems. Finally the Lévy exponent α may show a signal for anomalous diffusion, if α < 2 is found, similarly to Ref. [10] , where α ≈ 1.2 was found, approximately independently of m T . In the context of the search for the critical endpoint, it is even more important to investigate if α is in the vicinity of the conjectured value of 0.5. Figs. 1, 2 and 3 show performance plots on the m T dependence of the above mentioned parameters in mid-central Be+Be collisions at 150A GeV/c beam momentum. These results clearly demonstrate the capabilities of NA61/SHINE to measure BE correlations even in this low multiplicity collision system. It will be an important and interesting step to measure these observables in other collision systems, as this may shed light on a number of interesting phenomena in collision systems of different sizes, such as radial flow and the vicinity of the critical point. 
